WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUB U SHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 5 
H04L 1/02, 27/08 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO 95/09494 

6 April 1995 (06.04.95) 



(21) International Application Number: PCT/US94/1 1 1 22 

(22) International Filing Date: 28 September 1994 (28.09.94) 



(30) Priority Data: 

08/129,562 



30 September 1993 (30.09.93) US 



(71) Applicant: PACIFIC COMMUNICATION SCIENCES, INC. 

[US/US]; 10075 Barnes Canyon Road, San Diego, CA 
92121-2723 (US). 

(72) Inventors: WRIGHT, David; Suite 306, 258 Genesea Street, 

Utica, NY 13502 (US). PETRANO VICH, James, E.; 
Apartment 219, 1190 Encinitas Boulevard, Encinitas, CA 
92024 (US). BAKER, Rex, L.; 4715 Pescadero Avenue, 
San Diego, CA 92107 (US). RIEDEL, Neal, K.; 146 Sunset 
Drive, Encinitas, CA 92024 (US). 

(74) Agents: DONOHUE, John, P., Jr. et al.; Woodcock Washburn 
Kurtz Mackiewicz & Noiris, 46th floor, One Liberty Place, 
Philadelphia, PA 19103 (US). 



(81) Designated States: AM, AT, AU, BB, BG, BR, BY, CA CH, 
CN, CZ, DE, DK, EE, ES, H, GB, GE, HU, JP, KE, KG, 
KP, KR, KZ, LK, LR, LT, LU, LV, MD, MG, MN, MW, 
NL, NO, NZ, PL, PT, RO, RU, SD, SE, SI, SK, TJ, TT, 
UA UZ, VN, European patent (AT, BE, CH, DE, DK, ES, 
FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI patent 
(BF, BJ, CF, CG, CI, CM, GA, GN, ML, MR, NE, SN, TD, 
TG), ARIPO patent (KE, MW, SD, SZ). 



Published 

With international search, report 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: MULTIPLE ANTENNA HOME BASE FOR DIGITAL CORDLESS TELEPHONES 



DIVERSITY CONTROL 




AMP/SW ^/a RFIC IFIC 

BASE STATION RECEIVER STRUCTURE 



(57) Abstract 



The present invention provides methods for combining antenna diversity (10, 12) and gain control (15, 19, 17) in a communications 
system using a single chain of receiver characteristics. A number of input parameters related to various characteristics of a received signal 
are used to determine the quality of the received signal. The antenna diversity and gain control procedures are enabled or disabled based 
on the signal quality. The antenna diversity procedure estimates the signal level of the non-operational antenna using an infinite impulse 
response digital niter. The gain control procedure selects one of three gain paths based on the received signal strength. 



BNSDOCID: <WO 95094 94A1J_> 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 


Austria 


GB 


United Kingdom 


MR 


Mauritania 


AU 


Australia 


GE 


Georgia 


MW 


Malawi 


BB 


Barbados 


GN 


Guinea 


NE 


Niger 


BE 


Belgium 


GR 


Greece 


NL 


Netherlands 


BP 


Burkina Faso 


HU 


Hungary 


NO 


Norway 


BG 


Bulgaria 


IE 


Ireland 


NZ 


New Zealand 


BJ 


Benin 


rr 


Italy 


PL 


Poland 


BR 


Brazil 


JF 


Japan 


PT 


Portugal 


BY 


Belarus 


KE 


Kenya 


RO 


Romania 


CA 




KG 


Kyrgystan 


RU 


Russian Federation 


CF 


Central African Republic 


KP 


Democratic People's Republic 


SD 


Sudan 


CG 


Congo 




of Korea 


SE 


Sweden 


CH 


Switzerland 


KR 


Republic of Korea 


SI 


Slovenia 


CI 


Cote d'lvoirc 


KZ 


Kazakh sun 


SK 


Slovakia 


CM 


Cameroon 


LI 


Liechtenstein 


SN 


Senegal 


CN 


China 


LK 


Sri Lanka 


TD 


Chad 


CS 


Czechoslovakia 


LU 


Luxembourg 


TG 


Togo 


C2 


Czech Republic 


LV 


Latvia 


TJ 


Tajikistan 


DE 


Germany 


MC 


Monaco 


TT 


Trinidad and Tobago 


DEC 


Denmark 


MD 


Republic of Moldova 


UA 


Ukraine 


ES 


Spain 


MG 


Madagascar 


US 


United States of America 


Fl 


Finland 


ML 


Mali 


UZ 


Uzbekistan 


FR 


Ranee 


MN 


Mongolia 


VN 


Viet Nam 


GA 


Gabon 











BNSDOCID: <WO I v 



WO 95/09494 



PCT/US94/11122 



-1- 



MULTIPLE ANTENNA HOME BASE FOR DIGITAL CORDLESS TELEPHONES 

Field of the Invention 

The present invention is directed to methods of 
combining antenna diversity and gain control in a 
5 communications system. More particularly, the invention is 
directed to methods of antenna diversity and gain control in 
a communications system using Time Division Duplexing and 
having multiple antennas with single receive channel 
electronics. 
10 Background 

An advanced digital cordless telephone (DCT) system 
uses digital, time divided, transmissions referred to as TDD 
(time division duplexing) . The transmissions occur between 
one or more portable hand held units (typically pedestrians 

15 or persons moving around in an office building) and a base 
station which serves a defined geographic area known as a 
cell. A typical operational frequency for a DCT is in the 
vicinity of 2000 MHz . The base station typically transmits a 
burst of data every 5 milliseconds and the portable handheld 

20 unit transmits back a burst of data about 2.5 milliseconds 
after the base station transmits. Both units transmit at the 
same frequency, and transmit bursts are typically about 625 
microseconds (including guard time) as shown in Figure 1. 
Based on these timing constraints the DCT system can provide 

25 four channels so that four communications links can be 

established between four portable units and the base station. 
Each of the portable units is assigned one of the 625 ^sec. 
slots in each of the 2.5 msec, receive and transmit windows. 
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In an urban or indoor environment there is 
significant multipath effect with transmissions at this 
frequency range, which manifests itself as Rayleigh fading of 
the received signal level. One technique used to minimize 
5 this problem is known as diversity. The underlying idea 

behind diversity, as an antidote to Rayleigh fading, is that 
if one is able to obtain reception via two (or more) 
independent paths then it. is unlikely that both (or all) of 
these paths will fade simultaneously. These independent 

10 paths may be obtained by diversity in time, frequency, or 

space. Since the DCT operates in TDD, time diversity is not 
a good solution to correct the multipath problem since 
implementing time diversity in the DCT would require at least 
twice as much time to be allotted to each channel. 

15 Similarly, frequency diversity is problematic for a TDD 

system in that both base stations and portable handheld units 
are designed to operate at only one frequency. Therefore, to 
combat this fading, the base station might include two or 
more antennas. Each antenna receives a different standing 

20 wave pattern. The base station attempts to select the 
antenna with the stronger signal path. This technique is 
referred to as space diversity. Some typical signal levels 
versus location plots are shown in Figure 2. As long as the 
portable unit moves a small percentage of the fading distance 

25 .in a frame time (equivalent to a burst) , the ideal signal 

path will be the same for both base station and the portable 
unit within one frame or burst time. 

It is possible to build two entire receive chains 
(i.e., hardware and software required to detect, demodulate 

3 0 and decode the received signal) in the base station radio, 

and after each burst is received use data from the burst with 
the higher signal strength or the lowest error rate. This 
technique, often called selection diversity, works very well. 
Although, selection diversity may be very effective in 

35 combatting the effects of fading, it has several drawbacks. 

First, providing a separate receive chain for each 
of the antennas drives up the cost and complexity of the 
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system. If it is desirable to provide a low cost processor 
to provide the switching control, a separate receive chain 
for each antenna may be prohibitive. Furthermore, the added 
complexity in evaluating the signal as received and 
5 demodulated by each receive chain adds to the cost of the 
processor and requires more complicated- programming. 

Alternatively, multiple antennas may be used with a 
single receive chain. However, these diversity systems 
although less expensive and less complex to implement, create 
10 other design problems. For instance, almost all radio 
receivers implement some form of gain control to prevent 
saturation and degradation due to intermodulation when the 
received signal level is too high or to increase the signal- 
to-noise ratio of the received signal when the received 
15 signal level is too low. Since the signal level received by 
each antenna may vary, the gain required for each antenna may 
also vary. In the past, determining the proper gain 
adjustment for a selected antenna could only begin after the 
antenna was actually switched to an ON state. Therefore, it 
20 has been virtually impossible to effectively combine antenna 
switching and gain control in a single receive chain 
implementation. 

Furthermore, previous antenna diversity systems 
having a single receive chain have used an averaging 
25 technique to estimate the signal levels at the OFF antennas. 
Such averaging techniques require that estimates for a number 
of previous frames be stored in memory. For instance if N is 
the number of frames to average over, the estimated average 
signal level y[n] would be : 
30 ytn] = y[n-l] + 1/N*x[n] + 1/N*x[n-N] 

where x [n] is the measured signal level of the received 
signal. It is evident from the above equation that N 
measured signal levels must be stored to carry out the 
averaging. As N increases, so does the memory requirements 
35 and the implementation costs. 

Another disadvantage of switch diversity using a 
single receive chain is that when a signal on one antenna is 
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weak but usable, the signal on the other antenna may be 
weaker. In that event it would be undesirable to switch to 
the other antenna merely to determine that the received 
signal from that antenna is not only weak is just as poor or 

5 even, but unusable. Some previous diversity systems have 
provided some control to enable or disable switching if the 
received signal is determined to be acceptable. However, 
such systems have merely considered the signal level of the 
received signal in determining whether the received signal 

0 using the currently selected antenna is acceptable. 

Typically, other characteristics of the received signal 
should be considered to avoid unnecessary and ineffective 
switching. 

Therefore, there is a need for a method providing 

5 antenna diversity and gain control in a single chain 
implementation which is both low in cost and simple to 
implement without substantially reducing the performance of 
the communications. 
Summary of the Invention 

0 The present invention fulfills this need by 

providing simple, low cost, methods for combining both 
antenna diversity and gain control in a single chain 
implementation. In particular one method according to the 
present invention uses a variety of input parameters which 

5 characterize the quality of the received signal to generate a 
signal quality indicator. The signal quality indicator is 
used to enable or disable an antenna, diversity procedure and 
a gain control procedure. In a preferred embodiment the 
input parameters include an estimated frequency variance of 

0 the received signal, an estimated timing variance of the 

received signal, an estimated average signal strength of the 
received signal, and an estimated frame error rate of the 
received signal. - In a more preferred embodiment, the 
frequency variance, timing variance, average signal strength 

5 and frame error rate are estimated using an infinite impulse 
response (IIR) digital filter thereby eliminating the need to 
store many previous estimates in memory. 
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The present invention also provides a method of 
selecting one of two antennas in a single chain diversity 
system. According to this method of the present invention, a 
first antenna is selected to receive a transmitted signal. 
5 The selected antenna then receives the antenna diversity 
transmitted signal. A received signal strength indicator 
(RSSI) is input to the procedure and an average signal level 
for a number of bursts is estimated based in part on the 
RSSI . The signal level at the second antenna is then 

10 estimated based on the estimated average signal level and a 
previous estimated signal level at the second antenna. The 
RSSI and the estimated signal level at the second antenna are 
compared to provide an antenna diversity indicator which 
indicates which of the two antennas should be selected on the 

15 next burst. One of the two antenna is then selected based on 
the antenna diversity indicator. In a preferred embodiment 
the estimated average signal level and the estimated signal 
level at the second antenna are generated using appropriate 
IIR filters. 

20 The present invention also provides a method of 

controlling the gain in a single chain diversity 
communications system. According to a preferred embodiment, 
one of three gain paths is provided by the communications 
system. The first gain path has the highest gain, the second 

25 gain path provides a medium gain, and the third gain path 
will provides the lowest gain. One of the gain paths is 
selected. The transmitted signal is received and amplified 
by the gain corresponding to the selected gain path. The 
amplified signal level is measured to provide a current 

3 0 signal level. A low gain accumulator and a high gain 

accumulator are updated based on the current signal level. 

A gain path with a lower gain is selected if one 
exists and if the low gain accumulator exceeds a 
predetermined switching threshold. A gain path with a higher 

35 gain is selected, if one exists and if the high gain 

accumulator exceeds the predetermined switching threshold. 
In a preferred embodiment, a high threshold and a low 
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threshold are defined. The step of updating the gain 
accumulators is preferably carried out differently depending 
upon whether the current signal level falls above the high 
threshold, below the low threshold, or in between the two 
5 thresholds. Updating the gain accumulators is preferably 
carried out using an IIR filter. 
Brief Description of the Drawings 

The present invention will be better understood, 
and its numerous objects and advantages will become apparent 
10 by reference to the following detailed description of the 
invention when taken in conjunction with the following 
drawings, in which: 

Figure 1 is a timing diagram of a DCT system using 

TDD; 

.5 Figure 2 shows signal fading as a function of 

distance; 

Figure 3 is a block diagram of the base station 
receiver architecture; 

Figure 4 is a flow diagram of the combined antenna 
0 diversity procedure and gain control procedure as carried out 
by the processor of the present invention; 

Figure 5 is a detailed flow diagram of the input 
parameter selection step shown generally in Figure 4 . 

Figure 6 is a detailed flow diagram of the signal 
5 quality update step shown generally in Figure 4 . 

Figure 7 is a detailed flow diagram of the control 
function step shown generally in Figure 4. 

Figure 8 is a detailed flow diagram of the. antenna 
diversity procedure according to a preferred embodiment of 
0 the present invention; and 

Figure 9 is a detailed flow diagram of the gain 
.control procedure according to a preferred embodiment of the 
present invention. 
Detailed Description 
5 The base station receiver structure is shown in 

Figure 3. A first antenna 10 and a second antenna 12 are 
shown coupled to switch 14 . Switch 14 couples either the 
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first antenna 10 or the second antenna 12 to the receiver 
electronics depending upon the diversity control indicator 2 9 
which is an input to switch 14. A signal transmitted from a 
portable handset is received by the selected antenna and 
5 passed to the gain control switch 18 by switch 14. Depending 
upon the gain control indicator 28, the gain control switch 
18 selects one of three gain paths 15, 19 or 17. In 
particular switch 16 is configured to receive the gain 
control indicator 28 and select either the gain path 15, the 
10 no gain path 19, or the attenuation path 17. In a preferred 
embodiment, the gain path 15 is implemented using an 18 dB 
low noise amplifier and the attenuation path 17 is 
implemented using a 20 dB attenuator. 

The received signal output from the gain control 
15 switch 18 is then input to a radio frequency integrated 
circuit (RFIC) 20 wherein the received signal is 
downconverted, filtered and amplified as is typical in a RF 
receiver. Similarly, the received signal is further 
downconverted, filtered and amplified in the intermediate 
20 frequency integrated circuit (IFIC) 22. The IFIC 22 also 
provides a power measurement device 21 which detects the 
power level of the received signal in the IFIC 22 to provide 
a Receive Signal Strength Indicator (RSSI) 27. If a gain 
adjustment has been made by the gain control switch 18, the 
25 value of the RSSI will reflect that adjustment such that the 
output 27 is RSSI plus a gain value. The received signal 
output from "the IFIC 22 is shown as interface 23 and is 
provided as an input to the receiver 26. In a preferred 
embodiment the receiver 26 will provide a demodulator such as 
3 0 the one described in co-pending application serial no. 

07/999,210. The receiver 26 demodulates the received signal 
to regenerate the transmitted data and output the data 32 to 
processor 25. During the demodulation process, receiver 26 
determines the frequency variance (Fvar) of the received 
35 signal and outputs Fvar over interface 3 0 to the processor 
25. Similarly, a timing variance (Tvar) related to symbol 
jitter is determined by receiver 26 during the demodulation 
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process. Receiver 26 outputs Tvar to the processor 25 over 
interface 31. 

The processor 25 implements a gain control 
procedure which uses the data, Fvar, Tvar, and the RSSI to 
5 determine which of the three gain paths 15, 19, or 17 should 
be selected on the next burst by switch 18. The output of 
the gain control procedure is the gain control indicator 28 
shown in Figure 3. Similarly, processor 25 implements an 
antenna diversity procedure which utilizes the data, Fvar, 
10 Tvar, and RSSI inputs to generate the diversity control 
indicator 29. 

A flow diagram of the overall antenna diversity and 
gain control procedures carried out by processor 2 5 is shown 
in Figure 4 . The processor checks the data interface with the 

15 receiver for an input of data following each burst as shown 
at 100. All of the inputs utilized by the procedures are 
obtained at 102 either directly from the other inputs to the 
processor, i.e., the RSSI, the Fvar, and Tvar inputs, or 
generated by the processor's software from one or more of 

20 these inputs. The inputs are filtered through an IIR filter 
at 104 to generate a substantially average value for each of 
the input parameters. A signal quality indicator (SQI) is 
updated at 106. The signal quality indicator is based upon 
the value of each of the filtered inputs and a desired Bit 

25 Error Rate (BER) . A control program enables or disables the 
gain control procedure and the antenna diversity procedure at 
107 depending upon the SQI. The antenna diversity procedure 
and" the gain control procedure are executed at 108 and 110, 
respectively. Both procedures are executed even if they have 

30 been disabled. Details of each of the steps 102 through 110 
are provided below. 

The output of the antenna diversity procedure is 
the diversity control indicator discussed in connection with 
Figure 3. If the antenna diversity procedure is disabled the 

35 diversity control indicator will remain the same for each 

burst that it is disabled. The processor, then waits for the 
beginning of the next transmit slot at 112 and then outputs 
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the diversity control indicator causing switch 14 in Figure 3 
to switch between the first and second antennas under the 
control of the diversity control indicator as shown at 114. 
Then when the base station transmits back to the portable 
5 handset it will transmit on the best of the two antennas in 
terms of signal quality and performance. Moreover, if the 
antenna diversity procedure is disabled then switch 14 will 
not switch between the first and second antennas because 
consecutive diversity control indicators will be the same 

10 while the antenna diversity procedure is disabled. 

Similarly, the gain control indicator is used to select one 
of the three gain paths as shown at 12 0 just before the next 
receive slot as shown at 116. The process then begins over 
again by checking the interface with the receiver for a data 

15 input. 

Figure 5 is a detailed flow diagram of the 
procedure used to collect the processor inputs shown as step 
102 in Figure 4. The processor checks the receiver data 
interface at 100 and determines whether or not data is 

0 present on the interface at 130. If the data is present 
following a burst, the processor reads the RSSI, Fvar, and 
Tvar inputs at 138. Since the transmitted signal contains a 
CRC field as shown in Figure 1, the processor can then 
execute a conventional CRC to determine whether the data is 

5 valid at 140. If it is not, then a frame indicator (FI) is 
set to "POOR" at 142. If the CRC shows that the data is 
valid at 140, then the FI is set to "GOOD" at 144. 

If no data is received by the processor at the end 
of a burst as determined at 130, the processor reads the RSSI 

0 input at 132. The Fvar and Tvar inputs generally are not 

generated when data is not available, so these inputs are set 
to constants Kl and K2, respectively at 134. Furthermore, if 
no data was received, the entire frame or burst is considered 
to be a MISS or a FAILURE. Therefore, the FI is set to MISS 

5 at 156. Thus the inputs provided to step 104 include the 
RSSI, Fvar, Tvar. and a FI . 
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T. present invention preferably utilizes a signal 
quality estimator to determine whether the received signal 
quality is good or poor. The signal quality estimator 
according to the present invention accepts an input of the 
5 following parameters : 

F'var[n] the estimated frequency variance for the 
current frame ; 

T'varEn] the estimated timing variance for the 
current frame; 

10 SA[n] the estimated average signal strength for 

the current frame; and 

F [n] the estimated frame error rate for the 

current frame; 

where n corresponds to a frame in time, i.e. digital time. 
15 The estimated frequency variance, time variance, 

and average signal strength are derived from filtering the 
input parameters Fvar, Tvar, and RSSI, respectively. In a 
preferred embodiment, a simple first order IIR filter is used 
as follows: 

20 F'var[n] = a*Fvar + (1-a) *F' var [n-1] 

T'varfn] = a*Tvar + (1-a) *T' var [n-1] 
SA[n] = a*RSSI + (1-a) *SA [n-1] . 
where a is the filter gain. It should be understood that a 
may be any number between zero and one (0<a<l) but that the 
25 selection of a determines the filter's reaction time, i.e., 
the time it takes to reach the steady state, and the filter's 
stability in the steady state, i.e., how much the response 
oscillates about the steady state value. In a preferred 
embodiment, a=l/l6 has been selected to provide a relatively 
30 fast filter. 

The estimated frame error rate F [n] is also derived 
by filtering the input parameter, however this input 
parameter, the frame indicator (FI) , is a discrete value. As 
such, FI in a preferred embodiment, is set to zero if data is 
35 received and has a GOOD CRC as shown in Figure 5 at 144. In 
that case : 

F [n] = (1-a) *F[n-l] . 
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However, if the frame indicator was set to a "MISS" at 13 6 02 
"POOR" at 142 in Figure 5, FI is equal to one and an impulse 
X is added to the IIR filter equation, such that: 
P[n] = a*FI*X + (l-a) *F[n-l] 1 
5 It should be understood that appropriate values of X and FI 
are determined experimentally* 

In a more preferred embodiment, it is desirable to 
limit the maximum value of F [n] so that in the event that 
numerous frames in a row are missed or are determined to be 
10 poor, it will not take too long to recover when the data is 
again received. Therefore, F [n] is preferably compared to a 
predetermined maximum frame error rate M, after each burst. 
If F[n] is greater than M, F [n] is set equal to M. By 
limiting the maximum value of F [n] in this way, the signal 
15 quality indicator can quickly change from poor to good when 
the signal reception does in fact change from poor to good as 
will be evident from the discussion of the signal quality 
estimation procedure below. 

The use of a simple IIR filter to generate the 
20 estimates is advantageous in two respects. It reduces the 
memory requirements in that only the most previous estimate 
must be saved. It also generates these estimates quickly in 
a manner simple to implement in a control processor. In 
particular, where a is selected as an inverse power of 2, bit 
25 shifting can be used instead of multiplication. The 

computations are thus possible using 8 -bit arithmetic with no 
carries or fractions, providing great savings in cost without 
any significant degradation in performance. 

A detailed flow diagram of the Signal Quality 
30 Estimation Procedure is shown in Figure 6. Each of the 

estimates are compared to a predetermined threshold. If any 
of the estimates except for the RSSI are greater than its 
corresponding threshold, then the signal quality indicator 
(SQIK is set to "POOR" at 160. If each of the estimates is 
35 less than its corresponding threshold, then the SQI is set to 
"GOOD" at 158. 



BNSDOCID: <WO 9509494A1 _l_> 



WO 95/09494 



PCT/US94/11122 



r 12 - 

Specifically, the estimated frequency variance is 
compared to a frequency variance threshold (FVThresh) at 150 , 
the estimated timing variance is compared to a timing 
variance threshold (TVThresh) at 152 , the estimated frame 
5 error rate is compared to a Frame error rate threshold 

(FThresh) at 154 , and the estimated average signal strength 
is compared to an average received signal strength threshold 
(RSThresh) at 156. Each of the thresholds are derived based 
on a desired bit error rate for the channel. The threshold 

10 values are chosen so that with the expected noise and 

interference each test will fail and the signal quality will 
be judged "POOR" when the data bit error rate is high enough 
to cause noticeable degradation in system performance . These 
thresholds are best determined by experimentation with the 

15 actual system. In the preferred embodiment the thresholds 
are set so the tests fail and system quality is judged 
"POOR" when the bit error rate is worse than one part in 
100,000. 

Figure 7 is a detailed flow diagram of the control 

2 0 program. The control program receives the SQI as an input. 

If the SQI is "GOOD" as determined at 170, the antenna 
diversity procedure is disabled at 172. Then the RSSI is 
checked to determine whether the received signal is strong at 
174. This may be implemented by comparing the RSSI to a 
25 predetermined maximum signal strength (RSmax) . If the RSSI 
is less than RSmax, then gain control procedure is disabled 
at 176. If the RSSI is greater than or equal to RSmax, then 
the gain control procedure is enabled at 182. If the SQI is - 
"POOR" as determined at 170, both the antenna diversity 

3 0 procedure and the gain control procedure are enabled at 178 

and 180, respectively. 

Next the antenna diversity procedure is executed r 
regardless of whether the control program enabled or disabled 
the procedure. However, if the procedure is disabled the 
35 antenna selection will not change. A detailed flow diagram 
of the antenna diversity procedure is shown in Figure 8 . The 
estimated average signal strength is generated at 200. This 
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may be the average signal strength SA[n] generated during the 
step of updating the IIR filters 104 shown in Figure 4 and 
described above. Alternatively, the estimated average signal 
strength may be regenerated using a slower IIR filter so that 
5 unnecessary switching can be avoided. 

If the first antenna is currently selected as 
determined at 201, the estimated received signal level into 
the first antenna (LI [n] ) is set equal to the RSSI at 208. 
The estimated received signal level into the second antenna 

10 L2 [n] is derived from a previous estimate L2[n-1] and a long 
term estimate SA[n] as shown by the equation at 209. Thus 
even when the antenna is in an OFF state the received signal 
level can be estimated. 

If the estimated received signal level into the 

15 second antenna plus a predetermined antenna selection 

threshold (t) is greater than the estimated received signal 
level into the first antenna as determined at 210, then the 
procedure checks whether antenna diversity has been enabled 
at 211. If antenna diversity has been disabled or if the 

2 0 estimated received signal level into the first antenna is 

greater than the estimated level into the second antenna plus 
the threshold (t) , then the antenna selection remains 
unchanged and the procedure provides an output indicating 
selection of the first antenna at 213. Otherwise, the 
25 procedure provides an output indicating selection of the 
second antenna at 212 causing a switch over from the first 
antenna to the second antenna. 

Similarly, if the second antenna is selected as 
determined at 201, the estimated received signal level into 

3 0 the second antenna (L2 [n] ) is set equal to the RSSI plus the 

selected gain at 202. The estimated received signal level 
into the first antenna LI [n] is derived from a previous 
estimate Ll[n-1] and a long term estimate SA[n] as shown by 
the equation at 203. 
35 If the estimated received signal level into the 

first antenna plus the predetermined antenna selection 
threshold (t) is greater than the estimated received signal 
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level into the second antenna as determined at 204, then the 
procedure checks whether antenna diversity has been enabled 
at 205, If antenna diversity has been disabled or if the 
estimated received signal level into the second antenna is 
5 greater than the estimated level into the first antenna plus 
the threshold (t) , then the antenna selection remains 
unchanged and the procedure provides an output indicating 
selection of the second antenna at 207. Otherwise, the 
procedure provides an output indicating selection of the 

10 first antenna at 206 causing a switch over from the second 
antenna to the first antenna. 

The gain control procedure is provided to keep the 
gain high enough to minimize the BER and low enough to 
prevent saturation and degradation due to intermodulation. 

15 As described above with reference to Figure 3, the handset 
provides three discrete gain paths 15, 19, and 17. The 
selection of one of a relatively small number of possible 
gain or attenuation values is preferable in a system in which 
the receiver limits and samples the received signal prior to 

20 demodulation, as described in co-pending application serial 
no. 07/999,210, in contrast to other receivers using an A/D 
converter to digitize the receive signal. It should be 
understood that when using an A/D converter, the received 
signal resolution must be very good, whereas the resolution 

25 is much less critical when digitizing the received signal 
using a limiter and sampler combination - the primary 
requirement being that the received signal level is within a 
general range . 

If the gain control procedure is enabled as 

3 0 determined at 220, the procedure compares the RSSI plus the 
selected gain with a predetermined high level threshold (TH) 
at 222. . If the RSSI plus the selected gain is greater than 
TH, then the value of a first gain accumulator Gl [n] is 
calculated according to the equation shown at step 227, where 

35 a is the IIR filter gain and X is an added impulse. Then a 
second gain accumulator G2 [n] is updated according to the 
equation shown at 228. If Gl [n] is greater than a gain 
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switching threshold (TS) , the accumulators Gl [n] and G2 [n] 
are reset at 231. If the currently selected gain path as 
determined at 237 is not the minimum, e.g. gain path 17 shown 
in Figure 3, then the next lowest gain path is selected at 
5 232. For instance, if the currently selected gain path is 
gain path 15 having an 18 dB gain, then the next lowest gain 
path is gain path 19 having no gain at all. However, if the 
gain path is already the minimum gain path as determined at 
step 237, no change is made to the current gain control 
10 indicator as shown at 238. 

If the first gain accumulator is not greater than 
the gain switching threshold at 230, then the procedure 
determines whether the second gain accumulator is greater 
than the gain switching threshold at 234. If it is greater, 
15 the gain accumulators are reset at 235. If the currently 
selected gain path as determined at 241 is not the maximum 
gain path, then the gain path is increased at 239, i.e. gain 
path 17 which attenuates the received signal by 20 dB is 
changed to gain path 19 which does not attenuate the received 
20 signal. 

As discussed above, it is desirable to simply keep 
the level of the signal between a maximum and minimum range, 
between a high threshold (TH) and a low threshold (TL) . Thus 
when the RSSI plus the selected gain is greater than TH as 

25 determined at 222, the value of Gl [n] is increased by adding 
the impulse X as shown at 227, whereas the value of G2 [n] is 
permitted to decay in accordance with the IIR filtering. 
However if the RSSI plus the selected gain is less than TL, 
it is desirable to allow the value of Gl [n] to decay in 

30 accordance with the IIR filter response as shown by the 

equation at 226 and the value of G2 [n] is increased by the 
addition of impulse X as shown at 229. Accordingly, if TL < 
RSSI + selected gain < TH, no switching is necessary so both 
gain accumulators are permitted to decay with the IIR filter 

35 response as shown by the equations in steps 224 and 225. 

Allowing the gain accumulators to decay ensures that neither 
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one will exceed the gain switching threshold and therefore, 
the gain path will not be unnecessarily switched. 

When the gain control procedure is disabled as 
determined at step 23 0, both gain accumulators are reset as 
5 shown at 221. Therefore, no switching will be effected when 
the gain control procedure is disabled since TS is greater 
than the reset values . 

The following describes the operating parameters of 
the present invention according to a preferred embodiment. 
10 However, it should be understood that the following 

description is to be used for explanatory purposes only and 
is not meant to limit the invention as described hereinabove . 

As a practical matter, the IIR estimation filters 
are initialized to constants. The accumulators are set to 
15 zero during an initialization process. The initial 

indicators are preferably set so that the SQI will be set to 
"POOR". 

Referring back to Figure 3, the procedures are. 
preferably implemented in a custom processor in the BBIC 24. 

2 0 The procedures are appropriate for many commercially 

available microprocessors and microcontrollers, such as the 
Intel 8051, the Motorola 6800, the Hitachi H8, and many 
others.. In particular the procedures were designed to 
minimize RAM and ROM usage, since the processor 25, RAM (not 

25 shown) , and ROM (not shown) are all preferably included in 
the BBIC 24 digital ASIC which limits available memory 
resources . 

The receive signal strength is preferably computed 
from a 5 -bit (value of 0 to 31) receive signal strength 

30 indicator (RSSI) read in the IFIC 22 and computed by the 

level measurement device 21. The indicator limits at a value 
of 0 and saturates at a value of 31. In this preferred 
embodiment, there are three possible receive gain levels, as 
controlled by the gain control procedure described above. 

35 The signal strength is estimated from the following 

parameters and equation: 



n: digital "time" measured in bursts 
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G[n]: gain of receiver at frame n; G[n] will be 
high, middle, or low 

f(): signal strength offset function 

RSSI [n] : receive signal strength indicator at frame n 
a: RSSI indicator slope 

SS [n] : signal strength indicator at slope n 
SS[n] = a*RSSI[n] + f "(G [n] ) 

In this preferred embodiment a is about 1.25 dB/ (RSSI step) 
and f(high gain) is about -109 dBm, f (middle gain) is about - 
93 dBm, and f (low gain) is about - 69 dBm. Although these 
values are preferred in a DCT system operating as described 
above, the antenna diversity procedure and gain control 
procedure are operational with most signal strength 
indicators . 

15 For the antenna diversity algorithm described in 

conjunction with Figure 8, a, the signal strength filter 
constant, is preferably set to 1/64 and is implemented as a 
shift right 6 times, b, the diversity IIR filter gain, is 
preferably set to 1/16 and is implemented as a shift right 4 
times, and t, the antenna switching threshold, is about 1.25 
dB (or equivalent to one RSSI step in this preferred 
embodiment) . 

In addition to the current signal level information 
described above, the parameters used in this gain control 
25 procedure are: 

THigh, the high level threshold, which is a 
function of the selected gain level: 

high gain: = -80 dBm 

medium gain: = -60 dBm 
30 low gain: = 0 dBm 

TLow, the low level threshold, which is a function 
of the current gain level: 
high gain: -106 dBm 
medium gain: -82 dBm 
35 . low gain: -62 dBm 



20 



Ts, the switching threshold, is set to 64 

a, the IIR filter gain, is 1/16 or a right shift 
four times; and 

X, the input impulse, equals 32. 
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Like the antenna diversity procedure, the gain 
control procedure would be operational for many other 
parameter values. As would be understood by those skilled in 
the art these parameter would be adjusted depending upon the 
5 communications system and its operation. 

The procedure for estimating the frame error rate 

as described herein preferably uses the following parameters : 
a, the frame error rate gain, is 1/16 or a shift 
r i gh t f our t ime s 
10 M, the maximum value for frame error rate filter, 

equals 63 

x, the impulse value, is 64 
The receive signal level threshold is a function of receive 
gain level. Preferably the receive signal strength threshold 
15 (RSTHRESH) is 10. The other thresholds shown in Figure 6 are 
as follows: 

FVThresh: The frequency variance threshold 
corresponds to an error rate of 0.00001. 
TVThresh: The timing variance threshold 
2 0 corresponds to an error rate of 0.00001. 

FThresh: The frame error rate threshold equals 31. 

While the invention has been described and 

illustrated with reference to specific embodiments, those 

skilled in the art will recognize that modification and 

25 variations may be made without departing from the principles 

of the invention as described hereinabove and set forth in 

the following claims. 
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In the Claims; 

x - In an RF receiver having a plurality of selectable 

antennas, a plurality of selectable gain paths, and a 
processor for executing an antenna diversity procedure to 
5 select one of said plurality of selectable antennas and for 
executing a gain control procedure for selecting one of said 
plurality of selectable gain paths, said receiver receiving a 
signal being indicative of transmitted data, said data being 
transmitted in bursts, a method of enabling and disabling 
10 said antenna diversity and gain control procedures comprising 
the steps of : 

accepting an input, for each burst, of at least one 
of a frequency variance indicative of a phase offset of the 
received signal, a timing variance indicative of symbol 
15 jitter in the received signal, a received signal strength 
indicative of a power level of the received signal, and a 
frame error rate indicative of a number of bursts which are 
not detected by the RF receiver; 

averaging each input so accepted to generate an 
20 estimate of each input for a period of time corresponding to 
a next burst of transmitted data; 

generating a signal quality indicator based upon 
each of said inputs so averaged; and 

disabling said antenna diversity and said gain 
25 control procedures based on said signal quality indicator. 

2 - T he method of claim 1, wherein each burst of 

transmitted data includes CRC information, the method further 
comprising the steps of: 

determining whether data was received by- the 
3 0 receiver during a most previous burst; and 

defining a frame indicator, if data was so 
received, based on said CRC information, wherein said frame 
error rate is related to .said frame indicator. 
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.3- The method of claim 1, wherein said antenna 

diversity procedure is disabled when said signal quality 
indicator is acceptable. 

4 * The method of claim 1, wherein said gain control 

5 procedure is disabled when said signal quality indicator is 
acceptable and when said received signal strength is greater 
than a predetermined signal strength threshold. 



5 * The method of claim 1, wherein said signal quality 

indicator is acceptable if each of the following is true: 
10 said frequency variance so averaged is greater than 

a predetermined frequency variance threshold, 

said timing variance so averaged is greater than a 
predetermined timing variance threshold, 

said frame error rate so averaged is greater than a 
15 predetermined frame error rate threshold, and 

said received signal strength indicator so- averaged 
is less than a predetermined signal strength threshold; and 

said antenna diversity and said gain control 
procedures being disabled only if said signal quality 
20 indicator is acceptable. 

6. The method of claim 1, wherein the step of 
averaging said inputs so accepted is carried out using an 
infinite impulse response digital filter. 

7. A method of selecting one of two antennas to 
optimize a bit error rate in a communications system using 
spacial diversity, said communications system transmitting 
data in bursts, comprising the steps of: 

selecting a first antenna to receive a transmitted 

signal; 

receiving said transmitted signal and defining the 
same as a received signal; 



25 
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accepting an input indicative of a level of said 
transmitted signal, said input being defined as a -received 
signal strength indicator (RSSI) ; 

estimating an average signal level for a number of 

bursts; 

estimating a signal level at a second antenna based 
on said average signal level so estimated and a previous 
estimated signal level at said second antenna; 

comparing said RSSI and said estimated signal level 
at said second antenna to provide an antenna diversity 
indicator indicative of a selection of one of said two 
antenna; and 

selecting one of said two antenna based on said 
antenna diversity indicator. 

15 8 - The method of claim 7, wherein said step of 

estimating said average signal level is carried out using an 
infinite impulse response digital filter. 

9 - Th e method of claim 8, wherein the average signal 

level so estimated is based on at least a previous estimate 
of said average signal level and the RSSI. 



20 



10. The method of claim 7, wherein said step of 
estimating the signal level at said second antenna is carried 
out using an infinite impulse response digital filter. 

11. The method of claim 10, wherein said signal level 
25 at said second antenna so estimated is based on at least a 

previous estimate of said signal level at said second antenna 
and said average signal level so estimated. 

12 • The method of claim 7, further comprising the steps 

Of: 



30 



receiving a selection enable input indicating 
whether said step of selecting one of said two antennas is 
enabled; and 
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said selection step being carried out only if said 
selection' indicator indicates said selection step is enabled. 

13. A method of adjusting gain control in an RF 

receiver, said receiver having at least three selectable gain 
paths, a first of said gain paths providing a highest gain, a 
third of said gain paths providing a lowest gain, and a 
second of said gain paths providing a medium gain, the method 
comprising the steps of : 

selecting one of said three gain paths and defining 
said gain path as a selected gain path; 

receiving a transmitted signal; 

accepting an input indicative of a level of said 
transmitted signal, said input being defined as a received 
signal strength indicator (RSSI) ; 

combining the gain of said selected gain path with 
said RSSI to define a current signal level : 

updating a low gain accumulator and a high gain 
accumulator based on said current signal level; 

selecting a lower gain path, if one exists and if 
said low gain accumulator exceeds a predetermined switching 
threshold; and 

selecting a higher gain path, if one exists and if 
said high gain accumulator exceeds said predetermined 
switching threshold. 

25 14. The method of claim 13, further comprising the 

steps of : 

defining a high threshold and a low threshold 
indicative of a desired range of a signal level of said 
received signal; 

3 0 comparing said current signal level with said high 

and said low thresholds; and 

said step of updating said high and low gain 
accumulators being based on said comparison. 



10 



15 



WO 95/09494 



PCT/US94/11122 



10 



" 23 - 

15 • The method of claim 13, wherein the step of 

updating said gain accumulators is carried out using an 
infinite impulse response digital filter, 

16. The method of claim 16, further comprising the 

steps of : 

defining a high threshold and a low threshold 
indicative of a desired range of a signal level of said 
received signal; 

inputting an impulse to said infinite impulse 
response filter corresponding to said low gain accumulator if 
said current signal level exceeds said high threshold; and 

inputting said impulse to said infinite impulse 
response filter corresponding to said high gain accumulator 
if said current signal level exceeds said low threshold. 
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